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Abstract

Aim: The purpose is to evaluate the relationship between Restless legs syndrome (RLS) and 25-Hydroxy D [25 (OH) D] vitamin level among hemodialysis
patients. Material and Method: Hemodialysis patients, in Cumhuriyet University Faculty of Medicine Department of Nephrology were included in this study.
Patients were asked about the diagnosis criteria of the International RLS study group and their laboratory examinations along with 25 (OH) D vitamin levels
were assessed. Results: Seventy-five patients, 40 of whom were female, were included in the study. The average age of patients was 57.8 (19-84). Average 25
(OH) vitamin D levels of 75 patients in total were found to be 12.6 +6.27 (3-30). Five patients had 25 (OH) D vitamin insufficiency and 70 had 25 (OH) D vitamin
deficiency. Thirty-three patients were diagnosed with RLS and their average vitamin D levels were 10.76 +4.56; the D levels of 42 patients not diagnosed with
RLS were found to be 14.18+7.02. A significant relationship was determined between the patients diagnosed with RLS and their vitamin D levels (p=0.018).
Discussion: A significant relationship was determined between RLS and 25 (OH) vitamin D level among hemodialysis patients. The fact that frequency of RLS

was higher among hemodialysis patients compared to the general population may be related to low levels of 25 (OH) D vitamin.
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Introduction

Restless legs syndrome (RLS) is a condition characterized by
an uncomfortable sensation, pain and cramp in legs, involun-
tary leg movements and related sleep disorders which occur
especially during sleep at night [1]. Having increasing and more
apparent symptoms during resting at night is typical. RLS is
diagnosed through the urge to move extremities along with
paresthesia or dysesthesia sensations, increasing symptoms
during resting and decreasing symptoms during moving, in-
ability to stand still (walking, shaking, contraction, and rubbing)
and aggravating symptoms at night. The frequency of RLS is
around 5-15% in the general population [2]. Recently, RLS is
commonly seen due to end-stage renal failure. Its prevalence
has a wide distribution range of 6.6% and 70% among dialysis
patients, and it is significantly higher than the rates seen in the
general population [1,3-4].

Vitamin D metabolism disorders are commonly seen in chronic
kidney diseases (CKD). Vitamin D synthesis is related to the
failure of turning 25 (OH) vitamin D into 1.25 (OH) D vitamin
in renal dysfunction. Vitamin D deficiency is commonly seen in
CKD. In a study conducted by Bansal et al., 45 hemodialysis
patients were included in the study and 88.9% of them (n= 40)
were diagnosed with vitamin D deficiency [25 (OH) vitamin D <
20 ng/ml] and 29 patients were diagnosed with severe vitamin
D deficiency [25(0OH) vitamin D < 10 ng/ml]. Two patients were
found to have normal levels whereas 3 patients have vitamin D
insufficiency (vitamin D between 20-30 ng/mL). It was reported
that 23 of these patients (51%) received vitamin D treatment
and their average 25 (OH) vitamin D level was 10.14+-8.7 ng/
ml [5].

In conducted studies, CKD is indicated as the secondary reason
of RLS. However, its etiology is not exactly known. RLS is more
commonly encountered in CKD compared to the general popu-
lation. The purpose of this study was to reveal the relationship
between vitamin D level and RLS on the basis of the fact that
vitamin D deficiency is frequent in CKD.

Materials and Method

Seventy-five hemodialysis patients who applied to our outpa-
tient clinic and received hemodialysis treatment in our center
between March 2012 and May 2012 were included in the study.
Chronic renal failure patients who were older than 18 years of
age and were receiving hemodialysis treatment at least for
three months were included in the study. Patients diagnosed
with a peripheral arterial disease, hemiplegia and mentally re-
tarded patients were excluded from the study. Blood samples of
patients were analyzed for their 25 (OH) vitamin D, serum iron,
iron binding capacity, ferritin, calcium, phosphorus, parathyroid
hormone, and complete blood counts before hemodialysis.
Diagnosis criteria specified by the International RLS study
group and shown in Table 1 were used for diagnosing of RLS.
Diagnosis of RLS has required all diagnosis criteria to be posi-
tive.

Statistical analysis

The data obtained from our study were evaluated by using
SPSS 14.0 program. Two independent t tests were used when
parametric test assumptions were performed, and Mann Whit-
ney U test and Chi-square test were used when non-parametric

Table 1. International RLS study group’s diagnosis criteria

1. An urge to move the legs, usually accompanied or caused by uncomfortable
and unpleasant sensations in the legs

2. The urge to move or unpleasant sensations begin or worsen during periods
of rest or inactivity such as lying or sitting

3. The urge to move or unpleasant sensations are partially or totally relieved
by movement, such as walking or stretching, at least as long as the activity
continues

4. The urge to move or unpleasant sensations are worse in the evening or
night than during the day or only occur in the evening or night

test assumptions were performed, and level of significance was
accepted as 0.05.

Results

A total of 75 patients were included in the study, the average
age of patients was 57.8 (19-84), 40 patients were female
whereas 35 were male. The average vitamin D levels of 75 pa-
tients in total were 12.6 +6.27 (3-30) ng/ml. Seventy patients
(93.3%) had 25 (OH) D vitamin level deficiency (= 20 ng/ml), and
5 patients (6.7%) were diagnosed with 25 (OH) D vitamin insuf-
ficiency ( 20-30 ng/ml). Twenty-three of these patients (30.6%)
had vitamin D levels of < 10 ng/ml. Tables 2 and 3 illustrate
demographic and laboratory data of patients.

Table 2. Laboratory data of patients

Number Mean (min-max) Standard
deviation
Age 75 57.8(19-84) 145
Vitamin D (ng/ml) 75 12.6 (3-30) 6.2
Hemoglobin (gr/dl) 75 11.0(7,8-16) 15
Hematocrit (%) 75 34.4 (24-50) 52
Ferritin (ng/ml) 75 955.6 (41-3351) 571.8
Iron (pg/dl) 75 67.6 (18-170) 29.0
Serum iron binding (pg/dl) 75 220.1 (82-340) 52.0
Calcium (mg/dl) 75 8.6(5,6-10,4) 0.85
Phosphor (mg/dl) 75 4.4(1,5-7,7) 13
PTH (pg/ml) 74 355.2(6-2219) 439
Kt/V 75 1,29 (1,08-1,56) 0,096
Table 3. Features of patients
With RLS (33) Without RLS (42) Result
Age 59.6+12.9 years 56.65:15.77 years P > 0,05
Gender Female 24 16 40
Male 9 26 35
Vitamin D (ng/ml) 10.76 +4.56 14.18+7.02 T=2.41 P=0.018
Hemoglobin 10.74+1.46 11.32+1.65 T=1.60 p=0.114
(gr/dl)
Hematocrit (%) 33.28+4.90 35.28+5.32 T=1.67 p=0.099
Ferritin (ng/ml) 1007.75+648.30 914.64+508.10 P=0.773
Iron (pg/dl) 70.96+33.97 65.07+24.55 T=0.87 p=0.338
Serum iron 217.65+46.62 222.04+56.47 T=0.35 p=0.722
binding capacity
(ug/di)
Saturation of 34.27+19.90 31.71£17.06 P=0.898
transfer (%)
Calcium (mg/dI) 8.59+0.69 8.64+0.97 T=0.24 p= 0.805
Phosphorus 4.42+1.43 4.54+1.37 T=0.37 p=0.706
(mg/dl)
Parathormone 321.18+387.43 38.70+479.54 P=0.328
(pg/ml)
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The average age of individuals with RLS was 59.6+12.9 years,
and 24 of them were female. The average age of individuals
without RLS was 56.65+15.77 years, and 16 of them were fe-
male. No difference was found between groups in terms of age.
However, a significant difference was found between genders in
terms of RLS. (X?p=0.005). RLS was detected more frequently
in female patients. When vitamin D levels (10.76 +4.56 ng/ml)
of 33 individuals with RLS and vitamin D levels (14.18+7.02 ng/
ml) of 42 individuals without RLS were compared, a significant
relation was determined between vitamin D levels and individu-
als with RLS (p=0.018).

Twenty-six of individuals with RLS (78.8%) and 32 of individu-
als without RLS (76.2%) had anemia. When RLS was examined
regarding anemia, no statistical difference was found between
the two groups. None of the individuals with RLS had low ferritin
levels. Two individuals without RLS had low ferritin levels. When
RLS was examined regarding ferritin, iron, serum iron binding
capacity, saturation of transfer, calcium, phosphorus and para-
thormone, Kt/V no significant difference was determined.

Discussion

In our study there was no difference between the two groups in
the age distribution. The average age of patients was found to
be 57,8 (19-84). Average vitamin D levels of 75 patients in total
were 12.6 £6.27 (3-30). Twenty-three of these patients (30.6%)
had very low vitamin D levels [25 (OH) vitamin D < 10 ng/ml].
Ninety three point three percent (93.3%) of patients (70) had
25 (OH) vitamin D level deficiency and 6.7% of patients had (5)
25 (OH) vitamin D insufficiency. None of the patients included
in the study had a sufficient level of vitamin D. RLS was defined
by Ekbom for the first time in 1994. It is characterized by a
sensation of discomfort, pain, and cramps in legs and invol-
untary leg movements which occur especially during sleep at
night [1]. RLS is the apparent sensation of discomfort in lower
extremities which increase generally at night when complaints
are on the rise, with an urge to move legs and decrease when
legs are moved. It may be associated with idiopathic, hereditary
(primary RLS) or other clinical conditions, and may have sec-
ondary reasons such as iron deficiency, end-stage renal failure,
pregnancy, rheumatic diseases, and diabetes mellitus. Also, it
may also be encountered in neurological conditions (Parkinson,
spinal cord lesions, multiple sclerosis, polyneuropathy) [6].

RLS was defined by Callghan for the first time in 20 chronic
renal failure patients [7]. In a study conducted by Rogers et al,,
in 1991, the frequency of RLS was 40% in 55 patients (34 he-
modialyses and 21 peritoneal dialyzes) [8]. In a study conducted
by Célbay et al., in Turkey, the frequency of RLS in hemodialysis
patients was 43.3% [9].

The fact that RLS symptoms responded to dopamine agonists
and levodopa has been considered as proof that dopaminergic
dysfunction plays a role in RLS pathophysiology [10]. Addition-
ally, metoclopramide which is a dopamine antagonist showed
that pimozide increased RLS symptoms [11-12]. It is remark-
able that RLS symptoms increase at night when dopamine lev-
els are the lowest and decrease in morning hours when dopa-
mine levels are higher, in compliance with dopamine circadian
rhythm. Dopaminergic agents are used for primary RLS treat-
ment; however etiology-focused treatments are preferred for

secondary RLS (pregnancy, end stage renal failure and anemia)
[13].

Parkinson’s disease is characterized by the loss of dopaminer-
gic cells gradually in the nigrostriatal pathway. Early findings
of Parkinson’s disease were observed in case of bradykinesia,
walking disorders, rigidity, and the loss of tremor strial dopa-
mine at a rate of 80-90% and nigral dopaminergic neurons at
a rate of 50% [14-17]. In a cohort study conducted by Knekt et
al., in Finland, they examined the relationship between vitamin
D levels and risk of Parkinson’s disease and as a result of 29-
year follow-up of 3713 individuals above the age of 50, they
found out that the individuals, who had low vitamin D levels, in
the beginning, had higher risk of Parkinson’s disease [18]. In a
study conducted by Evatt et al., with Parkinson’s and Alzheimer’s
disease patients, they found out that the vitamin D deficiency
prevalence of Parkinson’s disease patients was higher com-
pared to Alzheimer’s and control groups. Researchers reported
that the vitamin D insufficiency in Parkinson’s disease patients
was 55% whereas vitamin D deficiency was 23% [19].

In a recently conducted study, the presence of vitamin D recep-
tor was proved in the dopaminergic neurons in human and rat
brains. Due to the nuclear location of vitamin D receptors, it is
asserted that vitamin D could affect cell proliferation, differen-
tiation and even life cycles in these neurons. These results sup-
port the relationship of abnormal dopaminergic transmission
diseases such as schizophrenia and Parkinson’s disease with
vitamin D [20].

It was reported in an in-vitro study that the increasing intense
expression of vitamin D receptors in dopamine neurons in the
brain, especially in the substantia nigra area increased the ex-
pression of tyrosine hydroxylase which is a rate-limiting enzyme
in dopamine synthesis in adrenal medulla cells with the effect
of 1.25 (OH) D2, D3 [21]. In addition, both vitamin D receptors
and 1 alpha-hydroxylase enzyme are expressed in human brain,
especially in substantia nigra neurons (probably dopaminergic)
[22]. In animal experiments, it has been showed that 1.25 di-
hydroxy vitamin D which is the active metabolite of vitamin D
could partly protect neurons against ischemic brain damage
and the damages caused by 6- hydroxydopamine (a substance
used to create Parkinson) [23-24].

In a study conducted by Balaban et al., 25 (OH) vitamin D levels
of 36 patients with RLS (28 women and 8 men) were compared
with 25 (OH) vitamin D levels of 38 healthy patients (27 female
and 11 men). In this study, patients with secondary reason re-
lated RLS were not included in the study. While vitamin D level
was 7.31 ng/mL in female patients with RLS, it was 12.31 mg/
mL in healthy females. When two groups were compared, 25
(OH) vitamin D levels were significantly low in the group of pa-
tients with RLS (p=0.001) [25]. In this study, 25 (OH) vitamin
D levels of 33 individuals with RLS were 10.76 +4.56 whereas
the 25 (OH) vitamin D levels of 42 individuals without RLS were
14.18+7.02. A significant relation was determined between the
25 (OH) vitamin D levels and RLS. (p=0.018).

Iron deficiency is related to RLS. It plays an important role in
secondary reasons such as pregnancy and anemia. Iron is re-
quired as a cofactor for tyrosine hydroxylase, which is the rate-
limiting enzyme for the formation of dopamine from levodopa.
Therefore, dopamine synthesis may decrease in case of iron
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deficiency. A significant improvement is observed in some cases
of RLS through iron treatment. In addition, iron concentration
is also found to be low in substantia nigra in RLS patients [26-
27]. In all groups where iron deficiency incidence is high, and in
cases of pregnancy, end-stage renal failure and anemia, RLS
incidence was 20-30% [27]. However, 75% of individuals with
RLS are known to have decreasing iron stores [28]. In a study
conducted on 79 patients with iron deficiency, 58% of patients
had 25 (OH) vitamin D levels of < 30 ng/ml whereas 39% had
levels of <20 ng/ml[29]. In a study conducted by Balaban et al,
ferritin levels between the groups with and without RLS were
also found different, and ferritin levels were found lower in the
women patients with RLS [25]. In a study conducted by Zbroch
et al., dialysis (75 hemodialyses and 26 peritoneal dialyzes) pa-
tients were included in the study and dopamine levels of pa-
tients were low [30]. In this study, no significant relation was
determined between anemia and RLS.

Consequently, vitamin D levels were significantly lower in hemo-
dialysis patients with RLS. 25 (OH) vitamin D may be a factor
for RLS etiology in hemodialysis patients. The fact that 25 (OH)
vitamin D deficiency is frequent in CKD and dopamine level is
low is an indicator that vitamin D deficiency may be responsible
for dopamine deficiency in CKD.

Scientific Responsibility Statement

The authors declare that they are responsible for the article’s
scientific content including study design, data collection, analy-
sis and interpretation, writing, some of the main line, or all of
the preparation and scientific review of the contents and ap-
proval of the final version of the article.

Animal and human rights statement

All procedures performed in this study were in accordance with
the ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. No ani-
mal or human studies were carried out by the authors for this
article.

Funding
None

Conflict of interest

None of the authors received any type of financial support that
could be considered potential conflict of interest regarding the
manuscript or its submission.

References

1. Takaki J, Nishi T, Nangaku M, Shimoyama H, Inada T, Matsuyama N, et al.
Clinical and psychologycal aspects of restless legs syndrome in uremic patients
on hemodialysis. Am ] Kidney Dis. 2003;41 (4):833-9.

2. Winkelman JW, Chertow GM, Lazarus JM. Restless Legs syndrome in end-stage
renal disease. Am ] Kidney Dis. 1996; 28 (3):372-8.

3. Gigli GL, Adorati M, Dolso P, Piani A, Valente M, Brotini S, et al. Restless Legs
syndrome in end-stage renal disease. Sleep Med. 2004;5 (3):309-15.

4. Araujo SM, de Bruin VM, Nepomuceno LA, Maximo ML, Daher Ede F, Correia
Ferrer DP, et al. Restless legs syndrome in end-stage renal disease: clinical charac-
teristics and associated comorbidities. Sleep Med. 2010;11(8):785-90.

5. Bansal B, Bansal S, Mithal A, Kher V, Marwaha R. Vitamin D deficiency in hemo-
dialysis patients. Indian J Endocrinol Metab. 2012;16(2):270-3.

6. Brindani F, Vitetta F, Gemignani F. Restless legs syndrome: differential diagno-
sis and management with pramipexola. Clin Interv Aging. 2009;4:305-13.

7. Callaghan N. Restless legs syndrome in uremic neuropathy. Neurology.
1966;16(4):359-61.

8. Rogers SD, Haris DC, Stewart JH. Possible retation between restless legs and
anaemia in renal dialysis patients. Lancet. 1991;337(8756):1551.

9. Colbay M, Yiiksel S, Acartiirk G, Uslan i, Karaman O. Sleep quality in hemodialy-
sis patients with restless leg syndrome. Genel Tip Derg. 2007;17(1):35-41.

10. Rye DB, Adler CH, Allen RP, Becker P, Buchfuhrer M), Chokroverty S, et al.
RLS Medical Bulletin. Rochester, Minnesota: Restless Legs Syndrome Foundation;
2005.

11. Montplaisir J, Lorrain D, Godbout R. Restless legs syndrome and periodic leg
movements in sleep; the primary role of dopaminergic mechanism. Eur Neurol.
1991;31(1):41-3.

12. Winkelmann J, Schadrack J, Wetter TC, Zieglgansberger W, Trenkwalder C. Opi-
oid and dopamine antagonist drug challenges in untreated restless legs syndrome
patients. Sleep Med. 2001;2(1):57-61.

13. Mathis J. Update on restless legs. Swiss Med Wkly. 2005;135(47-48):687-96.
14. Benett DA, Beckett LA, Murray AM, Shannon KM, Goetz CG, Pilgrim DM, et al.
Prevalence of parkinsonian signs and associated mortality in a community popu-
lation of older people. N Engl ) Med. 1996;334 (2):71-6.

15. Dunnett SB, Bjorklund A. Prospects for new restorative and neuroprotective
treatments in Parkinson’s disease. Nature. 1999;399 (6738): A32-9.

16. McGeer PL, Itagaki S, Akiyama H, McGeer EC. Rate of cell death in parkinson-
ism indicates active neuropathological process. Ann Neoral. 1988;24 (4):574-6.
17. Fearnley JM, Lees AJ. Ageing and Parkinson’s disease:substantia nigra regional
selectivity. Brain. 1991;114(5):2283-301.

18. Knekt P, Kilkkinen A, Rissanen H, Marniemi J, Sagksjarvi K, Heliévaara M. Se-
rum vitamin D and the risk of Parkinson disease. Arch Neurol. 2010;67 (7):808-11.
19. Evatt ML, Delong MR, Khazai N, Rosen A, Triche S, Tangpricha V. Prevalence of
vitamin D insufficiency in patients with Parkinson disease and Alzheimer disease.
Arch Neurol. 2008;65(10):1348-52.

20. Cur X, Pelekanos M, Liu PY, Burne THJ, Mcgrath JJ, Eyles DW. The vitamin D
receptor in dopamine neurons;lts presence in human substantia nigra and its on-
togenesis in rat midbrain. Neuroscience. 2013;236: 77-87.

21. Furtado S, Payami H, Lockhart PJ, Hanson M, Nutt )G, Singleton AA, et al.
Profile of families with Parkinsonism-predominant spinocerebellar ataxia type 2
(SCA2) MovEMENT Disord. 2004;19 (6): 622-9.

22. Eyles DW, Smith S, Kinobe R, Hewison M, McGrath JJ. Distribution of the vi-
tamin D receptor and 1 alpha-hydroxylase in human brain. ] Chem Neuroanat.
2005;29 (1): 21-30.

23. Wang JY, Wu JN, Cherng TL, Hoffer BJ, Chen HH, Borlongan CV, et al. Vita-
min (D3) attenuates 6-hydroxydopamine induced neurotoxicity in rats. Brain Res.
2001;904 (1): 67-75.

24. Wang Y, Chiang YH, Su TP, Hayashi T, Morales M, Hoffer B}, et al. Vitamin D(3)
attenuates cortical infarction induced by middle cerebral arterial ligation in rats.
Neuropharmacology. 2000;39 (5): 873-80.

25. Balaban H, Yildiz OK, Cil G, Sentiirk IA, Erselcan T, Bolayir E, et al. Serum
25 hydroxyvitamin D level in restless legs syndrome patients. Sleep Medicine.
2012;13 (7): 953-7.

26. Early CJ, Heckler DJ, Allen RP. IV iron treatment for RLS. Sleep. 2000;24:359.
27. Allen RP, Earley CJ. Restless legs syndrome A review of clinical and pathophysi-
ologic features. J Clin Neurophysiol. 2001;18 (2):128-47.

28.Sun ER, Chen CA, Ho G, Earley CJ, Allen RP. Iron and the restless legs syndrome.
Sleep. 1998;21(4): 371-7.

29. Yoon JW, Kim SW, Yoo EG, Kim MK. Prevalence an risk factors for vitamin D
deficiency in children with iron deficiency anemia. Korean ) Pediatr. 2012;55(6):
206-11.

30. Zbroch E, Zorawska EK, Malyszko J, Malyszko J, Mysliwiec M. Circulating
levels of renalase, norepinephrine, and dopamine in dialysis patients. Ren Fail.
2013;35(5):673-9.

How to cite this article:

Hiizmeli C, Candan F, Timucin M, Alaygut D, Akkaya L, Seker A, Kayatas M. The
relationship between restless leg syndrome and 25-hydroxy D vitamin in hemodi-
alysis patients. ) Clin Anal Med 2018;9(1): 65-8.

68 | Journal of Clinical and Analytical Medicine



